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Defective mineralization of bones had been known -to. ma~ for 
centuries but it was the i~vention of x-rays that let him 
peep inside the bones. The introductioh of quantitative 
technique~ enabled the medical personnel to design studies 
on Bone Mineral content. The main objective of the studies 
was to obtain quantitatively normal status of the growing 
bones so that the response of the skeleton to drugs and to 
certain pathological condition could be monitored. Also, 
individuals who entered into middle age with denser and 
thicker bones which were qeveloped in the younger years of 
life were considered as better protected against senile 
-- - - -- - - . . - - . -_. - .. . . -. -----_. - - - ." . _ . . .... - ---- ... -. ". 
osteoporosis. / 
Using non-invasive methods of detecting mineral content in 
the bones, few reported studies were done onthe bone 
minerals in neonates, infants and children, and in children 
having different surgical and medical problems. 
Enhancing effects of calcium and vitamin D, and the 
disastrous effects of alcohol and certain drugs on bone mass 
have also been established. 
Bone mass, quantitatively measured by single photon 
absorptiometry and dual energy x-ray absorptiometry, under 
2 
normal environmental and nutritional conditions increased 
···with :· age,· ·'weight and height-·of the · child. Mineral status of 
the children was found to be different, not only among the 
~~~C::"':'~?f;;i~n;"~ii~i~:~:~~ na:i~nali ties, but it also differed in the same 
• t _ ~,' . ~ _ , ~ ' _ .. . _ .. _ _-' ~ _ • 
. . ' 
_' .~ I " • 
Determination of bone mineral content among Hong Kong 
Chinese children revealed that age and weight -were the. 
determining factors while height as shown by the regression 
analysis of the study on 441 children appeared to have no 
association with BMC. Our findings were not consistent 
with the studies on American whites and Swedish chlld+en in 
whom age was shown to have been replaced by height. In our 
study on children from 3 to 18 years of age, boys and girls 
appeared to have similar BMC up to seven years of age, while 
/ 
greater BMC was found among boys after that. 
The role of physical activity as a stimulus to more bone 
formation seemed to be effective even before the onset of 
puberty since the dominant arm as shown in the regression 
model had developed larger bone mass around the age of seven 
years. The effects of sex and handedness were eliminated 
when correction was made · for height, weight and bone width. 
Among the children ·from 3 to 18 years, the weight 
persistently remain the predictor of bone mineral content 
while . the association of the BMC with age and bone width as 
shown by the variables age 2 and bone width 2 was curvilinear . 
. ,' , " ,., 
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At the age of five years Hong Kong Chinese children had been 
reported to hav'e greater amount of BMC than their racial 
counterparts in the- mainland ' 'and , it was attributed ' to their 
.. '
greater calcium intake.Th~re was an abrupt and significant 
, , . 
.. ", ', ":"" 
increase in BMC ' among girls from age 13 to 14, and among 
boys from 15 ' to 16 years of age. 
Among the two different available techniques, the single 
photon absorptiometry and the dual energy x-ray 
absorptiometry, the former had better acceptance for the 
children. The measurements of bone mineral density obtained 
by the single photon absorptiometry were highly correlated 
with those acquired by the dual energy x-ray absorptiometry. 
THE SKELETON WOULD BE THE FIRST PART OF THE HUMAN BODY TO BE COLLECTED TO RECREATE MAN. 
4 
INTRODUCTION · 
Bone -minerals make the skel~ton a hard, rigid structure that 
.. not _ ~nly : does it ~· provide the lifelong structural framework 
for the body, but also plays an important role in metabolic 
functions. It also remains the symbol of the person after 
life. 
Disorders of minerals and mineralizations had been 
recognized and treated since a long time ago, but the normal 
values for different age ~ sex and race had n~ver been 
established because radiograph could only provide a device 
for qualitative study of bone mineral contents (BMC). 
Moreover, radiograph is not sensitive enough to reflect the 
bone· mass accu~ately because 30% to 40% of the total bone 
mineral density (BMD) have to be lost or gained before it 
can be detected on the radiograph. 
For the last two decades invention and improvements in 
absorptiometric techniques have made it possible to study 
th~ BMC quantitively. study of BMC is helpful in better 
understanding the disorders of bone mineralization in 
infan~s and children, ~nd in observing the decline of BMC 
with the aging process. Monitoring of bone mass status to 
assess the response of the skeleton to treatment and in 
\ 
metabolic condition is also desired. Once the physiological 
5 
value of BMC has been established, monitoring of bone mass 
will · be , more meaningful, and . osteopenic, condition in ,;, ~nfants , 
and children will be accurately defined . It may also 
. ' 
·-"'7 -.-..... -., .. ,. 
provide a ~ay to increase peak bon~ ~ass. 




At present some communities in the world are stuqyingage 
related changes in BMC among children with the use of Single 
Photon Densitometer. The technique of Dual Photon 
Absorptiometry is also being used. At the Prince of Wales 
Hospital an effort has been made to study the BMC among Hong 
Kong Chinese childr~n and adolescents to establish normal 
values. The instruments used for measuring the bone mass 
were Digital Bone Densitometer and XR-26 X-ray Bone 
Densitometer, and the techniques are known as Single · P~oton 
Absorptiometry (SPA) and Dual Energy X-Ray Asorptiometry 
(DEXA) respectively. 
• ' . + 
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DEFINITIONS 
Bone .. can be defined asthe::"hard, ' solid 'framework of ' the 
body. The basic ch~racteiistic being the presence of 
. . :. ':.' 
calcium salts which are fixed on a protein matrix (Litre). 
The study of bone, therefore, cannot be limited to anatomic, 
embryologic or histologic approaches, but must als~ widely 
encompass the analysis of its chemical interactions and 
rather complex mechanism of ossification and c~lcification. 
Development of Bone - From the primitive mesenchyme 
originate the different parts of skeletal system. Initially 
th-ere is the condensation .ofmesenchymal cells. this takes 
place after their multiplication in conjunction with the 
significant synthesis of specific macromolecular collagen 
\ '> 
and glycosaminoglycans'. After condensation takes place 
there is a tr~nsformation of mesenchymal celi~ into 
osteoprecursors or chondroprecursors. Membranous 
ossification is referred to the ,process of formation of 
bones directly from mesenchyme i.e. formation of cranial 
vault. Endochondral ossification referred to proc~ss of 
formation of bones within cartilage, i.e. long bones. 
Each bone has a delimiting shell (cortex) which varies in 
thickness from bone to bone and from area to area within a 
given bone. - Bones are c ,overed (except at the musculo 
7 
tendious insertion and at the articular surface) by a thin 
. . . . . . 
but ' tough -: 'f ibrous " membrane, , the periosteum. In , a ' child i, the ' 
periosteum is loosely attached, to the underlying bone, where 
" . - ' . ' . . .. .. ... ... ", ' ; ' • • " • ~ I. . . ' 
as in··' the adult -it is firmly attached. (1) 
.' -.. :' ,,,. 
.... ' , ', 
Two types of bony structures are distinguishable: compact 
bone forms the diaphysis of long bones and the epiphyses are 
formed by the trabecular bone. Spongiosa which is , 'composed 
of finely interlaced lamellae known as trabeculations. 
These trabeculations also border on cavities which contains 
the bone marrow. The osteons are the basic structural 
\ 
elements of bone, and is the uriit of the Haversian system. 
Haversian system, one of the characteristic findings of 
mature bone, can be considered as long patent columns, 
irregularly parallel to the long axis of the shaft of the 
bone. The central space of the column is known as Hav~rsian 
canal;su~rounding it are concentric layers 9f cialcified 
intercellular substances, called lamellae. within the 
lamellae are spaces called lacunae, which are occupied by 
osteocytes. The lacunae are connected with one another and 
with Haversian canal by tiny channels, termed canaliculi, 
which contain the process of osteocytes. A typical example ' 
of cancellous bone is vertebra. Cancellous bone also has a · 
lamellar pattern. So all normal adult, cancellous or 
cortical is lamellar. Non lamellar bone, also called woven 
bone or fibre bone, found where bone is formed rapidly in 
response t6 injury or disease. 
8 
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··· · ·on··'.-a ·:· micro · ·rad·:Lo<ira.ph · theosteon :'· have ' a ' circular' formi 
· diffe~ing .. inappearance according to their degree of . 
. ' . 
t, ... ;. .... ~ • - ~ .. ,"-: .. . - \ . . ''': . . .. , - :" . " .:-' ... -: .. ...  : . :. ". , . . '. ~ . .. -~ - . . 
'. "' . . 
mineralization .. and . age . osteon with a high level of calcium 
.... :.' . , > wer.e .;,·stif·f ·er:: 't,han. · ost:eon . ~ with · a ·low. level of calcium and the 
. .. 
or-
level of calcification influences the compressive properties 
more than the tensile properties. 
Bone Cells: 
The · Osteoblast - its function is to manufacture organic 
matrix -and protein. They form ' a continuous covering over 
all the bone surface as they lie on the inner surface of 
perio~teum and along the ' spicules of forming trabelcular 
bone. (2) The alkaline phosphatase content of the osteoblast 
is high and it is ' thought that this rel1ates to 
calcification. 
The 0 s t eo cl a s .t - The typ i ca I 0 s teo c I a s t is a 1 arge 
multinucleated cell. Osteoclast a~e associated with bone 
removal. Osteoblast and osteoclast, once differentiated, do 
no~ undergo further mitotic division. Osteoclasts are ' 
characterized by the production of lysosomal enzyme, 
inclqding a tartrate~resistant acid phosphatase. Its 
carbonate activity along with the ability to generate 
hydrogen ions is thought to be important in its activity to 
resorb bone. (2) 
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The · oste·o'cyte·s ' ~ " - A:s ' new ' bone tissue is formed, some 
osteoblast are incorporated within the matrix to become 
• • , ," ' c. ~ . , - ,M, . ' 
ciste6~ytes. osteocyte is the living component of bone 
. tissue '. '-:·It ' and . its , processes within canlicular system 
perform an important ' function in regulating the flow of 
mineral into and out of bone. 
The Osteoprogenitor Cells- One of the three views is that 
there is a common stem cell which differentiates either into 
an osteoblast or into an osteoclast. 
Types of bone and their mineral contents - Woven bone, seen 
in ' embr~o, postnatal lif~ and in pathological conditions, 
like paget I s disease, fracture callus" contains more 
protoglycon than does mature lamellar bone. The (mineral 
deposition tends to be more irregular. compact bone has 
greater number of osteons than that of spongy bone. 
Therefore, it contains more BMC. Chemically, bony tissue is 
characterized by the impregnation of mineral salts onto an 
organic matrix. (3) 
organic Matrix .- It consists of collagen and a ground 
( 
substance. Collagen molecule is formed by three - ~1 (Alpha 
1) polypeptidechains. The amino acid composition of bone does 
not significantly differ from that of 9ther tissue. There is 
appro~imately one third glycine, alorig with proline and 
10 
hydroxyproline. Collagen fibres make up 93 percent of 
the weight of the organic matrix. 
Ground Substance - These are glycosaminoglycans and 
protoglycan. Lighter (i.e. lower specif.ic 'gravity) 
organic matrix predominates in young bones while heavier 
mineral material predominates in mature bone. 
comp6sition of Bone Mass~ 65% of the bone mass consists 
of mineral salts, 85% of Ca Phosphate, 10% of Ca 
Carbonate, 0.3% of Ca ' Fluoride, 0.2% of Ca Chloride, % 
of Mg Phosphate and 2% of Alkaline Salts. From infancy 
"-
to adulthood, body calcium increases frdm 25 - 30 gms. 
to 1400 -gms. (Richelle and Unkel inn - 1966) 
Bone Mass - The amount of store calcium is measured by 
reference to the bone mass. This is the weight of all 
the bones in the body including both cortical and 
trabelcular structures. The bone mass changes in the 
course of life. 
Among invertebrate phyla, calcium iS ,present as the carbonate salt (e.g. shells) and it 
protects against dehydration and permit gas exchange. 
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~actors Affecting the Bone Mass - After the 40th year 
there is continuous diminution of density. The 
trabecular bone is the first to be affected, followed 
about 8 years later by the cortical. This loss, which 
is of physiological origin, is known as senile ,'atrophy. 
In the course of life diminution in the bone mass can be 
due to a number of causes: prolonged immobilization; 
renal disorders; dialysis; corticosteroid therapy, 
andocrine disturbances; over indulgences in nicotine, 
alcohol or coffee; insufficient calcium in the diet; and 
increased calcium requirements due to pregnancy and 
lactation . . A fibre-rich diet may produce calcium 
chelate which impairs calcium absorption resulting in a 
reduction of bone mass. Obesity, on the other hand, has 
the effects of stablizing the bone mass. This may be 
due to the ability of fatty tissue to produce estrone. 
Owing to weightlessness astronauts suffered skeletal 
loss during space flights. 
In absolute immobilization, demineralization begins after 4 to 6 weeks and may attain as much 
as 15%. 




The minerals are the rion-organic compound. In the formation 
of bone , , the ' org,anic ,ma,t:rix is ' laid down first and , it is 
then infused with bone . mineral. The crystalline salts 
deposited in the organic matrix of bone are composed 
principally of calcium and phosphate, and it is ~nown as 
hydroxy apatites, and is the prototype of mature bone and 
tooth mineral. The formula is: 
Cal0 (Po4 ) 6 (OH) 6 
The Ca/p ratio ona weight basis ' varies between 1.3 and 2.0. 
It varies under different nutritional conditions.(4) Each 
crystal of hydroxy apatite ' about 400 AO wide, is shaped like 
a long, flat plate. 
r 
Bone mineral has a high surface area per unit weight and the 
I 
surface is chemically reactive with environment. It was 
shown that human and bovine deproteinated bone mineral range 
from 100-200 sq. meter per grams in surface area. Not only 
Ca and P, but also Na, Zn, Mg, carbonate, citrate, lead and 
fluoride are present in bone. Fluoride is an ion that 
conceritrates in bone and teeth and can replace OH in hydroxy 
apatite. The sUbstitution of F for OH lowers the solubility 
ef an apatite and increase the crystal size. Due to this 
stabilizing effects of Fluoride to apatite crystal, it is 
being used against teoth decay, and in conjunction with Ca 
13 
and vitamin 0 has been used for the treatment of 
.. . '-. ...  :·ost'eoporosis. · 
. . 
.. . 
. .,.'- . 
Mature bone is principally a poorly-crystallized, carbonate 
·~' :<<. : L~ : ·:'containinghighly . ,disordered : hydroxy apatite, which cont·ains 
traces of Zn and Mg. The' contribution which carbonate makes 
is the increased reactivity it imparts to bone mineral by 
the structural disorder ' resulting from its sUbstitution 
within the crystal. (3) 
Calcification is the permeation of collagen with calcium 
phosphate to produce a skeleton with biochemical proper~ies 
needed for body support. Collagen, a major component of 
bone is considered to be the principal nucleator of bone 
mineral and mineralization probably involves osteoblast, and 
.- .. - -- --- - --.--- - - -- .. . ..- -'.-- .... ".-- . --- - -- --- --------- --_. --. - . . -- - _ .. - ---- .. -.. -- .. --. ~- ~ ... - - .. - -_._. --- _. _ . ..... .. _.. . -. - " .... - ._ - - - - .. -- .-- -. - _ ..... - ' . - '- -- . .. ~ .. --. . - ..... - .. - - -- - -_. 
structure called calcifying vesicles, which are found in the 
mineralizing bone and cartilage. These vesicles contain a 
high concentration of lipid, alkaline phosphatase and 
pyrophosphatase and do not contain protein synthesing 
apparatus. Initially, amorphous calcium phosphate begins, 
subsequently undergoing modification into hydroxyapatite. 
(5) , 
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The most dlstinctive featur.es , of bone apati te , are small 
crystal size, 'lack of chemical perfection and internal 
crystalline disorder'. -"- These qualities _sat"isfy , the 
teleological need for a b6ne mineral which is insoluble 
enough for stability yet is reactive enough to permit 
mineral homeostasis and normal bone resorption. The Ca++, 
phosphate and fluoride ions, released during local 
osteoclastic activity, have a stimulatory influence on 
osteoblastic activity. 
Mineral homeostasis function of bone is so essential to the 
biochemistry of the body that this function takes precedence 
over structural function of bone. The bone maintains 
extracellu,lar ionized calcium within a fairly narrow 
-_.-.. -_._--_._-- - -_ ... _-_ .. -- - -- - ._ - -- _.-- - _ . . _ . _." . . - . .... --- _ .. _- ------ - ._ .. ... . -_. -- .. . . 
------ -- -.-----------concen,tration range. It calcium is permitted to ~ drop below 
this level, neural and muscle tissues become increasingly 
excitable and muscle twitching, seizure, I ,--laryngospa.:sm and 
death may occur. Progressively higher level may be attended 
by hyporeflexia, obtundation, renal failure, coma and 
death. (6) 
15 
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NON INVASIVE METHOD OF MEASUREMENT OF THE BMC 
AND THEIR CLINICAL SIGNIFICANCE 
' Radiograph is the oldest of the non-invasive methods of 
diagnosing metabolic bone disorders. This is quick, site 
specific, ~elativelyinexpensive and available in most 
communities. The major disadvantage of this method is its 
insensitivity. 
since routine radiography does not reflect any change in 
~one desnity until skeletal loss/gain exceed 30% - 40% of 
the total mass, so accurate measurement of bone mass cannot 
be ascertained. Also, it is difficult to measure bone 
density on a massive scale by x-rays. 
Quantitative Morphometric method can ascertain bone loss 
within only broad limits: 10%-20%. (7) 
Radiographic Photodensitometery mi~ht be seen as an attempt 
16 
to improve upon the accuracy and reproductibility of 
radi6g~aPhicmorphometrY/ - but it · has erros too; -- -- Dtie ·t6 ! 
scattering of radiation, and from non-exponential ' 
atten~ation from poly chromatic radiation and variation in 
film exposure an~ development, it is a considerably more --
expensive method of investigation. (8) 
Neutron Activation - Neutron activation analy'sis was 
\ 
introduced in an attempt to assess the whole skeletal rather 
than an isolated selected site, but it is unacceptable 
because of expense and irradiation to the patient. (9) 
Quantitative Computed Tomography is simil'ar to photon 
absorptiometry methods. QCT exists in both s~ngle and dual 
-
the axial and appendicular skeleton. QCT can differentiate 
the . trabecular bone densities of the vertebrae from the 
cortical bone densities, which allow a direct measure~ent of 
the most reactive part of . the vertebrae. It also has an 
ability to isolate and analyze a region of interest within a 
three-dimensional slice. 
Single energy QCT does have 'some disadvantages: 
17 
The measurement requires at least 20 minutes to perform. 
An uncomfortable position and the hard, scanning table may· 
be.llnacceptable to the patient. 
' . ". - .... r 
It is costly. 
It does not adjust for increasing marrow fat in elderly. 
Bone Absorptiometery - Single ,photon absorptiometery (SPA) 
was one of / the earliest quantitative technique of bone 
analysis developed. (6) SPA can only assess the appendicular 
bones of the skeleton. This is because highly collimated 
single energy beam requires constant thickness of soft 
tissue around the bone to obtain mineral content and the 
bone width. Classically, the distal radius which primarily 
is a cortical bone, is assayed and there is good correlation . 
between the BMC of radius and the BMC of other long bones 
and with the total skeletal mass. However, the correlation 
with the bone density of the spine is weak. Although a low 
radius BMC is almost invariably indicative of a low spinal 
density, BMC of a normal radius does not exclude the 
existence of osteoporosis. (6) 
Transmission of Ultrasonics - The applicability of transmis-
18 
sion ultrasonics as a method for assessment of bone status 
, ) 
. has been ) .. nvestigat:ed recent.ly. (10) 
Dual photo~ absorptiometery ~ DPA measurements a~'edo~:e at 
.... , 
two distinct energy levels instead of one as opposed to that 
," , ' , ' 
by SPA. This overcomes the requiremen~s by SPA for a 
constant thickness of soft tissue around the bone and enable 
it to be used for the measurement of any skeletal site. 
A second advantage of the dual energy is that mineral 
content me~surement are less influenced by variations in 
marrow fat content of the bone. 
Bone Scan - , The use of bone scans or total skeleted 
scinti~r~m is a 'radiologic method that takes advantages of 
the increased skeletal uptake of technitium 99 labeled 
diphosphonates in sites of bone formation. 
Bone Scans can detail stress fracture that may not yet 
be apparent on radiographs. 
Can be used in the identification of local iesions such 
as seen in paget's disease and metastatic bone disease. 
19 
Can be used to delineate sites of degen~rative joint 
disease. 
BONE - SPECIFIC BIOCHEMICAL · MARKERS-:- - ' ... ' .: : •. '; ~'. ,, '.: -< '-' . ,.'.~. ',: 
.. 
-; , ..... , 
Under this heading analysis of urine is the only non-
invasive method, others are traumatic procedures. They can 
only be used as a mean of monitoring general overall 
skeletal trends. They can be beneficial in -diagnosis of 
paget's disease and hyper para thyroidism. The greatest 
clinical importance of urine analysis (for hydroxyproline) 
is an index of bone resorptive activity in paget's disease 
and a method of monitoring Treatment. 
Elevated , levels of hydroxyporline are also found in patients 
acromegaly. All these disorders are associated with reduced 
bone maSS.(11) 
SUMMARY-
Selection of a method for bone mass measurements in 
children: 
20 
--.- .-- _.-_._-_. ----- ----_._-
X-rays cannot be used because of the lack of 
sensitivit·y . required for quantifying the · BMC levels . 
. - . 
. .. 
. .. ... 
.. - - ~ .. ~ : .. '" . '. . 
. ' ''::'' , 
. Quantitative bone roentgenography or radiogrammetry 
wit·h . quanti tation . of cortical thickness of the 
appendicula skele~on is useful but not always 
indicative of the status of the axial skeleton. 
Because of the expense involved in QCT, mass screening 
by QCT is not yet feasible. 
Obviously, large scale cross sectional studies of BMC 
are -easier to conduct by single densitometric 
measurement of the - radius rather than the total body 
neutron activation method. Dual Energy X-Ray 
) 
Aosorptiometry is not as simple as Single Photon 
Absorptiometry. Rather than sitting the subject has to 
lie down and the operator requires more time for 
measurement, and the instrument being larger in size is 
not easily relocatable to conduct mass surveys. 
"Old Age:. He whom We bring unto old age, We reverse him in creation (making him go back to weakness after 
strength). Have ye then no sense?1I (From the Holy Quran) 
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EFFECTS OF DRUGS 'ON BONE MASS 
Many drugs consumed by mothers or prescribed for the 
children have deleterious effects on bone. A brief mention 
is given of the drugs which are commonly consumed by mothers 
or prescribed for mothers and children. Self-prescribed 
drugs and only those having effects on BMC rather than drugs 
causing fet~l bone abnormalities have been mentioned. 
Alcohol - Drinking in pregnancy has damaging effects on the 
fetus and the developing skeleton. The affected infants 
have slow growth with weight velocity about one third and 
linear growth about two thirds of the expected rate. (12) 
Tetracycline - Tetracycline chelate with calcium to ~form a 
tetra cycline - calcium orthophosphate complex which produce 
a yellowish deposit at the sites of bone formation, as well 
as causing deposition of the pigment complex in bone and 
teeth. Tetracycline have pronounced effects on bone growth. 
Marked reduction in velocity of bone growth in the first 
postnatal week in one infant whose mother received a 
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tetracycline for two weeks prior to delivery. These effects 
on growth · in · fetus and child ' are not primar-ily due ··t6:· th-e ·· 
action of tetracycline on bone mineral deposition but due to 
the profound anti anabolic effects of the drug. (12) 
.", . 
corticosteroid - This is commonly. prescribed for chronic 
asthma or chronic skin disease, to reduce intesti~al calcium 
absorption ~nd increase renal excretion of calcium. ,steroid 
and vitamin D may be competitive inhibitors in the 
intestinal mucosal cells. steroids also induce liver anzyme 
which may inhibit hydroxylation of vitamin D to 25(OH)D.(12) 
Antacids - Antacids are available without prescription ln 
Hong Kong. Magnesium and aluminum hydroxide bind phosphate 
in the gut.. When taken excessively .and over a prolong 
.... ..... ... __ ..... _ . .. .. _ .. . .. _._._.- -_ ... -- -- - ". "" --. -- ----.- '---" - -' - -- .. "--" .. """ .. ". __ .. -? .... "._-- ._ ---- _ .. _-_ .. . _._------ -.- .-. ... .. __ ._ .. --- - -.. --_ ... -_._-- ----._ .- -_. ---"._- -- - -_ ._--- ._-_. -.. -.. 
period to control indigestion, they may be responsible for 
the development of osteomalacia. Biochemical findings in 
these patients are normocalcemia with hypophostemia. An 
• 
intake of over 20 gm/day of aluminium hydroxide in adults 
volunteers has produce similar changes and weakness · and bone 
pain. (Dent and Winter, 1974) . Antacids used to lower 
pho~phate levels in chronic renal failure has the same 
effect. (12) 
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Estrogen . . - Inchildrenest~ogen treatment prod~ces advanced 
bone age, early epiphyseal fusion and ultimately stunted 
. . ,- . . .' _. 
'" , " . 
.. ' .. ' .growth .(12) , 
• • • '!.~.. • 
>. 
vitamins - competitions among different pharmaceutical 
companies have increased the usage of vitamins. The 
mechanism of whereby vitamin A causes bony lesions is not 
known. In adults, bone pain is, still a very common symptoms 
of excessiv~ vitamin A ingestion, but bone changes on x-ray 
seem to be confined to osteoporqsis, together with ectopic 
calcification in intra cartilaginous tissue and ligaments. 
Hyper vitamlnosis D in children results in a generalized 
increase in bone minerals with areas of radiolucency 
_ __ _ _ _ _ _ ~_ . _ •• - • _ _ ._ - _. ____ . _. " _ _ • _ ___ . _ • . • _ ) _ __ •• _ ___ . _ • _ ___ . ' •. __ _ • . •• , _ .,' •.• • _ _ _ •• • _ • . ,_ •• _ _ _ . " " ' 0 _ _ ", • •• _ __ _ • • •. _ _ _ . _ . __ • • _, , _"_ ••• • _ . _. ___ • _ _ _ _ •• • - _ __ • - • •• -- - _ .-
adjacent to the zone of provisional calcification. The 
epiphyseal - center may be outlined by dense bone and the 
skull bones may ' be impressively more dense than normal" (12) 
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· CAUSES . OF OSTEOPENIA · IN CHILDREN :-' 
Juvenile osteoporosis - The overalr - bone density is "made up 
\ 
of cortical thickness - ~nd the medullary - trabeculation. ~ It . -
can be affected by several factors such as age, body 
activity and disease, particularly metabolic bone disease. 
Any disease, causing osteopenia in children can, cause 
significant loss of height and permanent spinal deformity. 
As mobilization and physical therapy are the major part of 
treatments, normal value are essential to monitor responses 
to treatments . 
. Transient osteoporosis of the hip is localized osteoporosis 
encountered in young no~ pregnant women and is characterized 
by osteopenia of the periarticular bones of the hip joint. 
congenital or Inherited osteoporosis osteoge'ne si s 
imperfecta is a common inheritable disorder of bone, 
occurring approximately once per 20,000 live birth. It is 
characterized by defective bone formation that leads to bone 
fragility, fracture and skeletal deformities. Most forms of 
disease are thought to be caused by abnormalities in 
coll~gen biosynthesis or structure. Estrogen, in such 
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cases, 'has protective effects and women would benef it from 
.- .- Childrien 'w"lth"'XO' (±u'rner's. -'syndrome) " g·onadal dysgenesis, 
.,. I .~ ~ " 
,--- K_lin~~eller' s syndrome and , wi thxxxy as well as Down's 
syndrome, all suffer from osteopenia. *(14) Genetic disorders 
leading to defective collagen synthesis or cross linking, 
may also be accompanied by osteopenia. Thalassemia and ' 
sickle cell disease are also accompanied by osteopenia. 
Glycogen storage disease hypophosphatasia and familial 
dysautonomiq are also associated w~th osteoporosis. 
Endocrine cause ofOsteopenia -
1) steroid induced osteoporosis; (15) 
2) Cushing's Syndrome. 
osteoporosis can complicate any disorder (chronic asthma, 
various rheumatic disease, organ transplantation) that 
requires long term steroid therapy. Children may be 
severely affected and there can be concomitant growth 
retardation. 
*Osteopenia appears to reverse .at puberty. We measured one child with triosomy-21 before puberty. 
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Thyroid disease, primary hyperparathyroidism, acromegaly, 
hypogonadism, . pregnancy" ' and::: ;~lactation, · are all ass'ociated 
with osteopenia in . chi~drerr and adolescents . . Osteopenia 
-. ; ' . -
associated 'with hyperporlactinemia has also beetic reported. 
~ . . . ' . 
Reduced skeletal~ass ' has : been observed "irrpatients with 
type 1 insulin dependent diabetes-mellitus. Other causes of 
osteopenia in children are neoplastic disease (multiple 
myeloma) malabsorption syndrome and liver parenc~ychmal 
disease. Distal radial density measurement is helpful in 
monitoring metabolic bone disease. Children on steroid 
therapy may be monitored with serial measurements of 
trabecular bone density (distal radius or spine) at 3 to 6 
month and to institute therapy if bo.ne loss occurs. 
Type II diabetes me~litus, however, may be "protective 
against osteopenia. (16) Similar protecti v~ effects occurs in 
obesity. 
Renal osteodystrophy - Deformiti~s of bone can be a 
manifestation of severe renal osteodystrophy in children with 
long-standing renal failure and in those treated with long 
ter~ TPN. Impaired bone mineralization, due to reduced 
release of PTH, is the cause and sequence starts with the 
accumulation of aluminum. (17) 
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PHYSICAL ACTIVITY AND BMC 
~ ', '" . .-. ,': ... - , : ' : . ' ., i " ~"" . . .. . , ' . ' 
~ ..... . .. 
> t:xer~_ise > ~n early years may also be of gre>at importance >in 
achieving bone mass. Reg~rding chil~hood activity no data 
are available but there is abundant evidence that increased 
weight bearing exercise is associated with increased bone 
mass. (18,19,20) 
A study in> which healthy females of 20 to 35 years of age 
participated revealed no relation between height, weight or 
age and bone density, and the mean bone density was 
significantly higher for those ·subjects who had participated 
/ 
in organized sports or fitness programmes as children than 
those who had not. (21) 
Physical activity in younger Hong Kong Chinese children may 
be less than other urban Asian children due to lack of large 
grassy fields. Small cemented playgrounds and rainy · seasons 
may restrict the children from full fledged activities. > In 
one of the studies, bone mass was found to be significantly 
I 
great~r in the dominant arm than that in the non-dominant 
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arm. (22) The average difference was .12% . . The obvious pa. 
, reason ... being ~ tl1a..,t:: ;·" the;, db:Ini~ant ' arm · is .. ·: used. .~:more . . frequently ~ 
On the other hand, , immobility . of .a . limb . may . . cause localized 
.. osteop~9rosis· . .. : . ... : 
The most common aetiolog~cal factor in the development of 
localized osteoporosis is immobility. In one experimental 
study, it was shown that the severity of the bone loss 
appears to depend upon the degree of immobility rather than 
its cause. (23) 
Immobilizat~on is associated with rapid bone loss due 
pr imar i ly to enhanced bone resorption. (24) Decreased 
gravitati~nal force associated with space travel has also 
been linked · to reduction bone density. (25). with resumption 
of weight bearing activity, bone mass is restored, albeit at 
a slower rate and over a longer time. · (26) Physically active 
women with anorexia nervosa /have higher bone mineral density 
than s edantory anorect ic women . . (27) So as suming that 
physical activity, at whatever level it may be, should have 
positive effects on bone mass. That effect may be apparent 
by developing more bone mass in the dominant arm. 
Be9ause calcium supplements are often not absorbed by the body's system, experts suggest a test that can 
easily b~ performed at home. Place a calcium tablet into a dish filted with vi.negar and let it stand 
overnight. If the tablet is still there the next morning the calcium won't be absorbed into the body. 
(Asiaweek, 64 December 21-28, 1990) 
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' . BMC IN- NEONATES _ -
A Review 
Although direct photon absorptiometery is an accurate and 
precise method to measure BMC in adults and children beyond 
three years of life, adaption can be made to permit the use 
of this technique in neonates and infants. Sex and race 
difference are not evident in the fetal skeleton, but become 
marked by the second decade -of life. (28) 
Most of the studies in infants are transverse ones. One of 
the studies design to determine normal ranges for' neonatal 
. . 
BMC has shown that BMC is significantly correlated with 
gestational age and birth weight. There was no significant 
difference in BMC between male and female infants of 
comparable gestational age or between black and white 
infants. Postnatal BMC did not increase from birth to six 
weeks in -term infants, but ~ad increased significantly by 
the 8~h week. In 31 to 32 week gastational ~ge infants, 
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postnatal BMCdid not increase from birth to 10 week. By12 
. . . 
, '. weeks · i t . increases ' 'signif icantly. · .·.In· the : 34 · to 36 ··:· week 
gastational age, BMC . did not . increase~ from birth to . 8 week •. · 
• - I "" 
By the .. ,tenth week . BMC increa~ed : slgni'ficantly. (29)' 
• • ; •• ',: : : ""..- ~ . ' t" ' . ..~ .':. I': :": "'" :-' .. : .. ' 
. . . . ,. ... 
In another study, it was found that mean bone mineral 
content at birth was 2.4 mg/mm shaft length, decreasing 0 
1.9 mg/mm at 6 week of age, before starting to rise. ,(30)' The 
relative amount 6f Ca++ in the body falls in the first year 
of life, approximately 0.6%, and steadily rises to 1.6% in 
young adult male,and 1.3% in female. 
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BMC NORMATIVE SURVEYS IN CHILDREN , 
• • :.··.r·· •. • -
'AReview ' • 
" " :'-. .-.. " :- ~: 
. . < ~.• : :\.~ /· jL-<.,;,,';/,~ ::,~ .. i ·; /,.:.-,;. ~ ::c~:;:Jj 
treatment in childhood diseases. (31) Investigations have 
been carried out in normals of all ages, but variation have 
been found . in these values from place to .. place, 
necessitating the measurement of controls in each geographic 
reg ion where transverse studies are conducted. (32) 
Comparison bf the values obtained with normal data from 
centers in the USA revealed lower mean values for both 
radial and spinal BMC in British subjects. This emphasizes 
the .impbrtan6e of using locally derived normal data for 
s~me, population difference was evident when researchers 
compared the 'Cincinnati data children . at. 6 years of age with 
those of the Wisconsin children from 1 to 6 years of age. (34) 
This difference in BMC in the same race from different 
regions may be due to different life style, nutrition and 
environments. According to results ' shown in one of the 
stuqies carried out in the USA, BMC increased . significantly 
with age, and bone width increased also slightly with age. 
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Male. and .female .. had similar . BMC .. ·fr.om ., 1 .· to. .. . 4 ··, ye.ar.s:,:. : but· .. 
female children had significantly lawer BMC at5 ta . 6_ years . .. 
' " • "' n ' 
. '-; :.:.. -~ ':. :,~. :r.:~ .-: .. _.-~ 
af age,._ 
weight , and age. (35) Male and female children . graw ' a"!=- .. :~pa~:t-'~ .. : ;~:.',,-
the same rcite (8% per y~ar) until adalescence. After 
adalescence female graw at a slawer rate 'until their mid 
twenties, while male reached adult mineralizatian ,by age 
20_ (36) 
In anather study BMC measured an children fram aged 6 to. 14 
increased at an incremental rate af abaut 8 _ 5% each year _ (37) 
American white children have lawer BMC than white adults_ 
. 
Camparing Gambian lchildren with British children, frafu aged 
o to. 36 months, BMC was faund to. increase with age and was 
higher in boys in bath graups. (8% P<O.OOl), but Gambian 
children were faund to. have significantlylawer BMC th~n the 
Br it ish chi ldren af same age. (38) 
Data fram Sweden demonstrates that bane mineral mass 
increase nat anly by increased dimensians af skeletal as the 
child grows but also. by an increasing . mineral cantent per 
valume. Bane mass in boys were a iew percents higher than 
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girls. At the age of 16,gtrls have attained the BMC of 
young ' adult, "whereas- boys hEt've not. ··- The BMC ' is -' also ' closely · 
related to the force of the forearm muscles. (39) 
, .... ... : , 
. . , 
Finnish , heal thy adolescents <demonstrate the .' same .' trend in 
BMC range, with females . attaining adulthood BMC level 
earlier than boys. (40) 
BMC measurement has been used principally as a research tool 
to evaluate therapeutics regimes, either by following 
patients over a time period (longitudinal or sequential 
study) or by compa~ing a group of patients with a matched 
group of controls (transverse study). 
Several normal series of BMC have been described but there 
is no uniform method of evaluating and comparing the 
results. . - ; " .. :: -
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.- --BMC -AND: SKELETAL ABNORMALITIES IN- CHILDREN -:-
A Review 
- .-. : " . 
" ' ; .' " 
idiopathic acquired back deformities are -the cause of a 
great deal of morbidity in the developing age groups·. The 
condition is likely to be multifactorial in origin and 
possibly involves genetic, biomechanical, metabolic growth 
and central' nervous system factors. Evidence of an 
association of idiopathic scoliosis with an osteoporotic 
state has been indicated. (41) 
Of the two available reports on the BMC density in scoliotic 
_subJects, the initial r _eportrevealed that there was no 
difference in scoliotic subjects in comparison to normal 
controls~ According the second report, the scoliotic 
subjects had a significant lower average BMC density in the 
lumbar spine region. They did not exhibit a 19wer average 
bone mineral content to the controls. The difference was 
not statistically significant in the bone density of 
femoral, neck, greater tr~ochanter and ward's triangle. 
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Paediatric fractures and association of BMD - In one of the 
report~,' analysis of bone mineral measurements revealed· that 
there was no statistically ~ignificant difference between 
the lumbar -and. the femoral neck densities of the controls 
and those who had sustained fractures. (42) Another study 
demonstrated a 8% decrease in forearm densities of those 
children who sustained fractures due to low energy 
trauma.(43) A third study did not find signi,ficant 
difference. 
It has been researched and concluded that paediatric 
fractures are a reflection of the ) child's activities and are 
not inf-luenced by intrinsic susceptibility. (44) Trabecular 
bone density was approximately 17% lower on the average in 
patient with · tarsa'l coalitions. (45) 
In conclusion, the information that we could collect are too 
little to conclude any association of BMC and skeletal 
abnormalities commonly encountered in paediatric surgical 
wards. 
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HONG KONG CHINESE CHILDREN 
A General View 
Rudyard Kipling, the famous Western writer who lived in the 
'East for several year$, had said , "East and West can never 
meet ... Inspite of unresisted influx of the western world 
into Hong Kong, the people here enjoy its own social and 
cultural habits. , The local children are reserv,ed and 
apparently quiet, and have strong family bonds. If one 
observes the television programmes, a difference between 
east and west is obvious. From the Chinese channe~j one 
could see that their dramas and films based mainly on 
Chinese history. Even the modern dramas shown on T.V. have 
not lost· the scene of family system and strong family bonds. 
One can assume much less alcohol consumption among Hong Kong 
Chinese housewives than among those of the Western socie-
, ' I 
ties. Inspite of a large influx of tourists and business I 
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men from the West and other Asian countries, modesty ,among 
_ ;' Hong .-Kong adolesce~t , sti~l , p~rsist. ' A survey carried out by 
South China Morning Post~nAugust 1990 (Editorial: _conser-
-. - ~ :. --"- .>" " 
vative.Attitud~~) , revealed t~at 'local housewives -prefer to 
,remain , conservative , :in ',their social life. Terms like sex 
industry scarcely appear i~ local newspapers as th~y do 
in papers in some other Asian cities. It is because Hong 
Kong people, inspite of their affluent life styles, ,are of 
an integral part of the biggest nation of the world. And 
according to Hafiz Sherazi, a great Persian reformer and 
philosopher, soil from a big mount is most likely to be 
clear of animal pollution. There is also an old Chinese 
saying tpat a hunchback son is preferrable to eighteen 
fairylike daughters, and nature has helped the Hong Kong 
Chinese in realizing this belief. According to the mld 1989 
demographic , survey, out of the total population of 6 
million, 2,949,6ITO were males compared to 2,811,800 females. 
Of the age group below twenty, interestingly, 882,500 were 
males and 812,600 females. 
Chinese children traditionally respect their elders. ' Except 
for the official calender based on the solar system, all 
Chinese festivities are celebrated according to the Lunar 
calender. 
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Inspite of, crowding, high rise ' living, the humid climate and 
. .:. 
" few re:crea·tiona,ry~< spaceS", ';" 'Hong': K'ong "p'eopTe 'seem ""to' "" ha've ' 
, copeCi'" ', w.e ,l ,l ,i n ," solv'ing ' pub lie health , problems. 
.... , .:-
-
, Tuberc1:llos is*1 ·haS' been,' has ' been the ' decline (46) , and there 
, \. 
. . .... ~. 
·concentration of the ' infan:ts at 18 months was normal (47) and 
there is ample calcium intake (48). 
*1 Macrophages and tymphocytes possess 1a hydroylase activity and may produce very high calcitriol 
levels that underline hypercalcaemia in patient with tuberculosis.(49) 
*2 Chronic obstructive liver diseases and parenchymal liver disease, probably because of derangement of in 
Vit.D metabolism, leads to osteomalacia,but some patients with primary biliary cirrhosis develop 
osteopeni~.(13) , 
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OBJECTIVES OF STUDY 
:" "( 
". .. -. . . ," . ,~ , .". ,," ~. 
- ,.: .:" 
'" '~etermination ofn~rmal range of bone mineral content: In 
order to assess abnormality of bone mineral, standards of 
normal bone mineral contents are required. Surgeons came 
across a variety of bone abnormalities and pathologies, and 
in / their minds they have every possible technique and 
treatment to correct these deformities, but have too little 
background knowledge of the mineral' status of bones. These 
are the mineral which make bone a bone. X-ray may reflect a 
compari~on between mineralized area with poorly fuineralized 
area, but it does not reflect a true picture of the mineral 
status, which may be needed for proper healing after a 
deformity is correct,to maintain a normal skeletal status 
after surgical invention or physiotherapy. 
osteopenia is still a common complication of prematurity (50) 
while , some affected babies may have overt radiological 
evidence of osteopenia. The great majority remain 
subclinical and tend to present earlier with complications 
su6h as fractures of the 'ribs or long bones. Cases have 
been .encountered with fractured femur which occurred 
spontaneously or following very minor trauma. 
Interestingly, the same phenomenon occurs in osteoporotic 
subject. Our aim is to find out age related increase in 
40 
bone minerals among - those children who do not have any 
' ~ clinibal evid~ric~ cifosteoperiia ' and to determine a normal 
, range , for each ·· age group. In fact, it should be normal' 
. . " '; ' ; 
value fO'r different age groups un
7
der different physiological 
" , 
', :~ and ':environme'ntaT · circumstances. 
In one, ionic exchange function of bone may be compared with 
gaseous exchange in lungs. Both organs have ~arge surface 
area. -As it takes seconds to exchange gases in the lungs to 
keep blood gases within the normal range, in the same way, 
minute to minute regulation of blood minerals 
(Ca/phosphorous) is mediated through the bone cells and bone 
is the o~ly reservoir. The determination of BMC is the 
prerequisite to define the physiological range for different 
lower limits of physiological range will provide a 
demarcation line from the abnormal status of bone mass 
Determination of Peak Bone Mass 
Both genetic and environmental factors determine the peak 
,I 
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adult bone mass, but of these genetic factors appear to be 
' . ' . . 
m'or'e "impo'rtant '. (51 )' Black ' p 'eople" 'have 'greater skeletal mass 
than white. (52) ' American black children were found to have 
, " 
greater 'bone mineral contents than their white counterpart. 
Among the environmentat' factors, which influence 'bone mass, 
nutrition and exercise seem ' tobe more important. Peak bone 
mass is reached between the ages of 20 to 35. It is also 
influenced by race and sex. 
Our cross sectional study may help to determine the age at 
which the bone mass is maximum among local population and 
how long it is retained before decline begins. It may be 
possible to determine the maximum amount of mass a bone can 
accumulate. It is the bone mass during adolescence and 
fracture in later years. (53) The ' size of the bone mass 
correlates with the time when the fracture threshold is 
reached as a result of continuous bone loss. 
"One who 'saves a life is as if he has saved 'the who l e mank i nd. 11 
, ~ 
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_ MEASUREMENTS OF BMC 
" .:" . -IN HONG KONG CHINESE CHILDREN 
MATERIAL 
Photon absorptiometery has been a useful tool in the 
determination of BMC in adults, older children, and with 
modification of positioning system, in infants also. Photon 
absorptiometery is probably the most sophisticated method 
for skeletal quantification. It is simple, quick, accurate 
and the cheapest method, with a reproducibility of 2%. 
During measurem~nts on a large scale, especially in 
children, SPA has obvious advantages over DEXA. / Single 
Photon Absorptiometery measures the attenuation of bone of a 
highly collimated, narrow and low energy radiation from a 
mono energetic radio nuclide source, i.e. iodine 125 (5 mc) 
at 27.4 Kev. 
In the apparatus, the source and collimated scintillation 
detector ~ystem are rigidly coupled by mechanical means and 
are driven simultaneously in 1-mm steps, in a direction 
43 
transverse to the bones by the motor-drive system. 
Measurements of the transmission of the photon beam through 
the bone are made for a 10 second interval after each step. 
In the course of scanning, measurement of the transmission ' 
of the photon beam through tissue alone, on either side of 
the bone, are also made. 
From the data obtained in these measurements; an equivalent 
thickness of bone mineral can be computed as follows: 
Let Io be the intensity of the unobstructed photon beam, (as 
measured at a of Fig. 1.);Io* the intensity after passage 
of the beam through a thicknessT of tissue, (as 
measured through b of Fig. 2); and I the intensity after 
passage of the beam through an equal thickness of bone mineral 
l . 
plus tissue Tb+Tm (as measured through c of Fig. 1). 
If ~b and ~m are the mass absorption ·coefficients of bone 
mineral and of tissue, respectively, then: 
I = 1ft ex p (~ J! mfJ tu T tu-It. hp h Th ) 
== 10 exp(-p.mPm(T-Th)-J!bPbTb) . '. 
== 10 exp(-p.mPmT)exp(-p.hpbT b+p.ntpmTb) 
I = 10 * exp( -/lbPb Th+J!II1"p ntTb )· 
















Fig. J. Sci1ernalic diagrarn of eq 'uiplllenf 
for tneasu ri ng lhe 111 i ncrnl content 0 f bo ne. 
Equation of 1 gives an equivalent thickness of compact bone 
mineral of density pb for the point at which the intensity 
of the transmitted photon beam is I. Measuring I at closely 
spaced intervals across the bone gives a series of 
equivalent thicknesses which when summed give the equivalent 
cross-sectional area of compact bone mineral in the bone. 
(54) 
The attenuation of detectable counts is proportional to the 
mass (gm/cm) of mineral in the scan path. The BW is 
proportional to the length of scan path: Scan path is 1/8 
inch wide. (29) 
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METHODS AND SUBJECTS 
BMC was measured using mainly digital bone densitometer, · 
model 2780 but a group of , children have also been measured 
by using XR-26 X-ray Bone Densitometer, and a comparison of 
the results obtained from the two methods were made. 
Location of Scanning site: The detection site was located by 
external measurements. The length of the forearm was 
determined by measuring the distance between the tip of the 
\ 
olcranon and the tip of the ulnar styloid process. The 
junction of the distal one-third with that of the proximal 
\ 
two-third was marked. The area on the radius corresponding 
to that junction of di'stal one~third ~ith that of the 
proximal two-third on the ulnar was scanned for BMC. The 
children who were measured simultaneously on both 
instruments were scanned on the point already marked for one 
instrument. The positioning system was modified for infants. 
Babies and infants were measured supine, their arms fully 
extepded into the measuring position. Younger children were 
measured while seated on the lap of their mother, and older 
child+en while seated on the chair. The arm being measured 
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was bent at the elbow at 90 0 flexion. 
The BMC and width of bone in the scan direction were 
measured twice and the average values taken. It ' had been 
difficult to keep the infants and toddlers immobile during 
measurements. The same problem has been reported by other 
researchers. (38) Sometimes, in younger children the detector 
failed to recognize the radius. In such cases, a ,little 
pressure slightly proximal to the distal radio-ulnar joint 
was helpful. 
. 
Recruitment of Subjects - Initially, 387 children from the 
age of 0 to 13 were measured. They were randomly selected 
from , children attending the surgical and the medical 
outpatient departments, surgical ward and paediatric 
neonates unit. 59 children were excluded since they 
suf f ered from medical problems or had skeletal 
abnormalities. The remaining 328 subjects along ' with 
another 243 children, who were recruited from a local 
secondary school, gave rise to a total number of 571. The 
mean BMC and BMD for each age group, ranging from 0 to 18 
year~, was calculated. None of the children had known bone 
disorders or gastrointestinal diseases or major anomalies. 
This 9rosssectional study continued for about 1-1/2 years. 
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Children were asked to write their names to determine 
handednes~, ' ~nd ,as for pr~sch6ol children their mother were 
inquired about handedness. 
Finally, , 44-1 children and adolescents from 3 to ' 18 years 
were - arialysed 'in d~tailfo~their BMC. These children had 
no history of fractures . . 92 radii were measured for BMD 
simultaneously on both SPA and DEXA. The procedures were 
';" 
explained to the parents beforehand and informed consent was 
obtained.Although the subjects ranged from 0-18 years, 
children having history of fractures were also included. 
Measurement from these - children and adolescents were used to 
design tables showing the yearl~ increase in BMC and the 
mean bone mass for each age group. But for detailed statis~ 
tical analysis for variables, height, weight, bone width, 
those having fractures were excluded. Measurements were not 
reliable on infants and toddlers. ' Our dif~iculties during 
measurements on infants are consistent with the reports from 
other workers using photon densitometer. As far as we know 
there is no conclusive reports that the fractures reflect 
the child's activities or his bone status. In our prelimi-
nary, analysis fracture variable has no effect on bone mass. 
statistical Analysis 
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stepwise regress method was used to examine the. dependence 
-: of BMC on agej -sex, handedness, weight, height, bone width 
and their interaction. The regression model started with no 
variables. - For each independent variable an F - statistic, 
reflecting the contribution 6f the variable to the model if 
it was included, was calculated. The stepwise procedure 
added to the model the variable that has the largest F 
statistic provided that this F statistic was ~~ the 
significance level for entry into the model. Then, F 
statistics were again computed for variables still remaining 
outside the model and ~he selection process was repeated. 
Thus, variables were added one by one to the model. 
However, after a variable had been added, the stepwise 
method examined all the variables already included in the 
~ 
model and took out those variable that did not have an F 
statistic at the significance level for staying in the 
model. Only after the necessary deletions were made, 
another variable could-be added. For exploratory purpose, 
the significance levels for entry into and staying in the 
model were chosen to be 0.15. However, in the final 
regression model, the significance levels used were 0.05 
which was further corrected for Bonferroni inequality if two 
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SINGLE PHOTON ABSORPTIOMETRY 
52 
DUAL ENERGY X-RAY ABSORPTIOMETRY 
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PHOTON ABSORPT.ION TECHNIQUE~ 
THE CAMERON PHOTON ABSORPTION 
TECHNIQUE offers you an in-yiyoo10-minute 
scanning'procedure to assist yqu in quantifying 
bone metabolism. I&.. 
THE NEW DIGITAL BONE DENSITOMETER 
offers new accuracy and potential .in areas of 
clinical and research programs ~nd diagnosis of 
certain diseases related to mineral content and 
width of the human and animal bone. It 
automatically measures ilnd displays three speci(jc 
values - bone mineral content (mass) (in grams 
per centimeter length of bone), bone width (in 
centimeters) and bone mineral content divided 
by bone width. This technique overcomes the 
inherent limitations of biopsy and radiographic 
procedures. 
BAStC PROCEDURES INVOLVED. The scanning 
procedure involves three stages; new automatic 
calibration of the instrument, positioning of the 
patient, and scanning the patient. None of these 
stages are difficult or time consuming for the 
technician. There is no patient discomfort. The 
new Digital Bone Densitometer consists of a 
scanner module and a computer module. 
A The scanner module transports a highly 
collimated beam o( monoenergelic gamma rays 
from a radioactive sealed source (125-1) across the 
limb to 'be measured. 
B 
[3 The tissue cover is made equivalent by 
applying tissue equivalent material (a water-filled 
molded latex rubber container) around the limb 
which has been placed between two, flat, parallel 
. surfaces. 
C The computer module calculates the values 
from the resulting absorption curve. 
INSTRUMENT CAlIORATlON_ Following a five 
minute warm-up period, the CRT display instructs 
the operator to proceed by placing the phantom 
standard (furnished with the unit) in line with . 
the scan path on the scanner modu,le. Then a 
command is given to run a series o{ scans and 
the computer automatically calibrates to the 
standard <correlates to biopsy-ashing 
studies)l~). 
PATIENT POSITIONING. The bone site is 
determined and marked with a {elt tip pen, the 
patient is instructed to sit directly in {ront o{ the 
scanner module and the CRT display instrUClS the 
operator on the next step. Place the tissue 
equivalent bag around the arm and have him 
position his elbow into the corner of the carriage.' 
fasten the elastic Velcro<9 straps and lower the 
limb holder bar to flatten and pressurize the tissue 
equivalent bag. The CRT monitor continues to 
offer "friendly" instructions to the operator to 
complete the procedure. 
c 
Taken from "OPERATOR"S 'MANUAL" of Digital Bone Densitareter 
Model 2780. 
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, REPR'ODUCIBILITY OF MEASUREMENT 
The . Means 
Inter-observer 
Repeat measurements, after repositioning~were carried out . ~~ 
by a second observer. A group of ten children was measured 
and ·was asked to wait for remeasurement bi the second ob-
server. So each child was remeasured after an .interval of 
approximately one hour. Analysis by paired T-test of means 
of measurements by the two observers showed no significant 
difference. 
T evaluation of inter-observer measurements is as follows: 
No. Initial Value after Diff. Square of 
Value Reposition Diff. 
1 00598 0.583 0.015 0.000225 
2 0.470 0.483 -0.013 0.000169 
3 0.556 0..524 0.032 0.001024 
4 0.650 0.667 -0.017 0.000289 
5 0.679 0.680 -0.001 0.000001 
6 0.539 0.495 0.044 0.001936 
7 0.564 0.548 0.016 0.000256 
8 0.685 0.654 0.031 0.000961 
9 0.596 0.609 -0.013 0.000169 
10 0.470 0.483 -0.013 0.000169 
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The -mean - differnce is 0 -.0081 and standard- deviation is 
0.0224.SE=.0071 and t=.0081/.0071=1.140, (p>.20). _ 
Intra Observer 
Seven children were remeasured by the same -observer and no 
difference was found between the initial measurement and the 
repeated measurement, as can be seen statistically calculat-
ed by paired T-test below: 
variable Mean STD Error of Mean PR>ITI 
Diff. 0.0028571 0.00870061 0.03 0.9749 
The Correlation 
Reproducibility was further confirmed by caldulating the 
correlation coefficients between measurments before and 
after repositioning the arm which was 0.94 for intra and 
0.95 for inter observer repeat measurements. Frank R.Greer 
et al found such correlation to be 0.97 in newborn 
inf ants. (55) 
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RESULTS 
6 Months to 3 Years: 
Although the measurements done for BMC on this age , group 
were unreliable, we ,had 17 radii measured, and the analysis 
showed that only height was associated with BMC. The effects 
of height were weak but positive (R=O.04). The he l ght of 
the , children ranged from 70 cmto J99 cm with mean 86.8 ± 7. 
The equation for calculating 'BMC in this age group was 
' BMC=O.0023 x height. However, the role of height as a 
predictor ofBMC, even though much weaker, is questionable 
because of:-
1) difficulty of positioning a small child in the desired 
position; 
2) occasional photon beam do not recognize bone at all and 
the reproducibility is questionable. 
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3 to 7 Years of Age: 
Analysis using multiple regresslon to control for individual 
factors ···showed no difference in bone mineral content among 
girls and boys fro~ 3 ' to 7 years of age, but above 7 · years 
girls have s ±gnifican~ly lower BMC than boys. 
In the multiple regression technique bone mineral c.ontent 
was tested against age, sex and handedness. Total number of 
children in 3 to 7 years of age group were 58. The maximum 
age was 6.9 years and minimum 3 years with mean 5.25 ± 1.11. 
The BMC was found to be associated with age only and the 
equation obtained was as ' follows: 
BMC=0.02831 x age + 0.1742 (R=0.50) 
When the assodiation of BMC with age for the age group of 3 
to 7 years was corrected for height, weight and bone width 
of the children, it was found that the bone width has an 
overall positive effect on BMC. The height and weight did 
not meet the 0.1500 significance level for entry into the 
model. The BMC can be obtained by the following equation: 
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BMC=0.01766 x age + 2.3544 x BW - 1.2128 xBW2 - 0.8687 
(R=O.74) 
Bone width and age glve better correlation (O . ~ 74) in 
contrast to -age only(R=0.50). 
7 to 18 Years of Age 
There were 383 children ranging from 7 years to 18 years. 
Mean age was 13.36 ± 2.51 years. Mean weight 44.30 ~ 12.45 
kg. and the mean height was 153.66 ± 14.57 cm. The mean 
bone width, detecteq by the photon beam, was found to be 
1.075 ± 0.155. The predication model for male dominant arm 
was BMC=0.002345 age 2 + 0.2706, for male non-dominant arm it 
was BMC=0.002160 age 2 + 0.2706, for female dominant arm 
BMC=0.002107 age 2 + 0.2706, and for female non dominant arm 
BMC=0.001922age 2 + 0.2706. R=O.80. 
-~ ' -"-' ----;" -- . - - ' -- - .... _.- . - -_.--- -. -
After correction for height, weight and--- bone width, the 
effects of sex and handedness were eliminated. The overall 
association of BMC with independent variables was better 
than the previous model (R=0.92), and the effects of weight 
and bone width were evident on the BMC of the children. The 
BMC in this age group. can be obtained by the following 
equation: 
BMC= O.0007824xage 2 +O.003969xwt+0.2068 BW2+0.0927 
(~=0.92) 
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3 to 18 Years of Age: 
Finally" in order to observe the overall behaviour of BMC 
with growth pattern, 441 children and adolescents from 3 to 
18 years as a single group were analysed. The BMC was found 
.. ' 
to be associated with age-square, sex-age-square and handed-
ness-age-square. The equations were: 
Male dominant arm, BMC=0.002383 x age 2 +O.2632 
Male non-dominant arm,BMC=O.002195 x age 2 +O.2632 
Female dominant arm,BMC=0.002147 x age 2 +O.2632 
Female non-dominant arm,BMC=O.001958 x age 2 +o.2632 
The difference between male dominant and female non-dominant 
arms was found to be 0.1277 at the age of 18 years. 
After correction wa~ made for height, weight and bone width, 
the difference due to sex and handedness -was eliminated and 
the effects of weight and bone width on BMC was apparent, 
and the BMC showed curvilinear relations with age and ' bone 
width (R=O.94) . The equation obtained was: 
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~ual Energy X-Ray Absorptiometry versus single Photon 
Absorptiometry 
There are 92 radii which were measured both by the single 
photon and the dual energy x-ray absorptiometers. The time 
interval between the two different procedures varied from 1 
hour to 24 hours, and the study plan spanned over one year. 
The measurements from the two ,differenct apparatus were 
highly correlated (correlation coefficient = 0~93). The 
predictability of bone mineral density (BMD) by SPA is given 
by the equation: 
-BMD by SPA = 0.8574 x BMD . by DEXA + 0.1125 
Hig~ correlation between the two studies confirms not only 
the results regarding bone mass but also testifies the 
results in terms of reproducibility. 
Our observation that SPA is comfortable for children is 
consistant with the study of ythier C. et aI, who reported 
that SPA is easy to perform in children and infants. They 
have also reported the accuracy and low doses of ' radiation 
of D~A (Dual Photon Absorptiometry) for mesuring BMC in 
chi ldren . (56) 
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-DISCUSSIONS 
BMC and Total Body Calcium 
The technique of single photon absorptiometry seems to be 
superior to other non-invasive techniques for field surveys. 
Small instrument size and simple operation made it possible 
to move anywhere and be used by any person without special 
training. 
The measured bone mineral by SPA represents "the mineral 
cont~ined in a thin cross-sectional slice of the bone and is 
highly correlated in adults with total body calcium (38). 
Accuracy of the photon absorptiometry had been tested by 
measur~ng BMC ' on bone (~ections and confirmed by subsequent 
ashing of thes~ bones (r=0.99). The correlation coefficient 
between measurements before " and after repositioning the arm 
was 0.97. (55) The correlation coefficient of radial bone and 
total body calcium in crush fracture osteopenic patients is 
high (0.826, P<.OOl) and in a normal population is 
(0.973) .(57) C. Christiansen, et all has reported the 
principles that could convert BMC data to total body calcium 
from the following equation: 
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Total body calcium = BMC.K, where K=1100/40.8=26.96g/unit 
1,100 is the estimated value of total body calcium (g) in 
normal young men, ~nd 40.8 the mean BMC measured in young 
..... . 
men (aged 21-30 years). But two assumptions have to be 
'fulfilled for the validity of the above equation for 
children ~ a) the propor~ion between calcium , and phosphorous 
is of the ' same order in the two populationsi and (b) the 
calcium content of the forearm is as representative of total 
body calcium in children as in adults. (58) 
True bone mineral density, obtained by dividing BMC by the 
-bone width, cannot be determined precisely by the SPA 
becquse neither the bone width ~or the shape of the bone can 
be estimated ,and also because the volume of the bone scanned 
includes the medullary cavity as 'well as the cortical 
tissue. (38) 
The bones are poorly mineralized and minerals are scattered 
unevenly in infants so when it 1S corrected for the bone 
width, and described as bone density, it may not give the 
true status of the bone mass. Quoting several studies, 
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Li et. al. has reported that a BMC-to-BW ratio is not a more 
sensitive indicator ~ than , BMC.(59) BMC difference among boys 
and girls (4-16 years) disappeared when the bone, mass was 
corrected for width. (39) During this study posi'tioning of the 
infants appeared to ' have posed major problems , which .made the 
measurements of the fore~rmdifficult. In this study 17 
children below 3 years of age, were analyz~d but we failed 
to show any correlation of bone mineral with the bone width. 
The present study showed that the bone mineral conte~t of 
the radius increases steadily with age in both sexes." The 
meart ,BMC ' is greater in boys than girls, but statistically 
this difference is not significant until the age of seven 
years. So in the early years of life, ~' age along with 
nutrition, regardless of sex and body size, determines the 
bone mineral content. During these years (3 to 7) diet and 
calcium intake have tremendous effects on bone mineral 
status. When compared to their counter part in mainland 
China, Hong Kong Chinese children at the age of five years 
are known to have significantly greater BMC. This has been 
related to greater calcium intake and possibly other dietary 
factors among children in Hong Kong. (48) 
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As a child grows th~ association of BMC with age becomes 
curvilinear. This may be due to their more exposure to 
sunlight, qonsumption of-"commerciallyavailable milk 
.. ' 
products and activities in school. curvilinear increase of 
BMC with age still persists even after the correction for 
height, and weight. 
Handedness 
The effects of physical activity on BMC even in younger 
children can be anticipated as bones response to physical 
activity by developing more bone mass. Our analysis has 
shown this effect by rev~aling more bone mass in the 
dominant arm . than In the non-dominant side. Our findings 
are , consistent with the findings of P.Karialainen et all (40) 
In a normal population of 11 - 87 years of age. Having more 
bone mass in the dominant arm is not attributed tu the 
difference in bone width since there is no significant 
difference in the bone width of the two limbs. (DF=68, 
T=0.207, P>0.50) ,and correlation coefficient of BMC with the ' 
bone width in both the arm is almost same i.eO.803 for 
nondominant and 0.794 for dominant arm respectively. 
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Bone width 
Bone mineral is well -_ correlated with BMC among local 
children during the early ,years of life (3 to 7 years) but , 
bone width 2 varies inversely. The reason for this is that 
there is slow increa~e in bone width and BMC upt~ . seven 
years of age, but there is a tremendous increase in BMC at 
and after seven years of age In contrast to insignificant 
increase in the bone width at this age. In comparing the 
mean BMC from six to seven years with the mean from seven to 
eight years; a significant increase has been noted. (DF=33, 
T=2 ; 85, P<O.Ol) And for the same age group no significant 
increase in bone width was found. (DF=33, T=1.61, P>=O.l) 
In short, a sharp increase in BMC in contr~st to the slight 
increase in bone width at seven years of age turn the 
association between bone width square and BMC to positive 
from the inverse one. Correlation of bone width to BMC is 
much higher (R=O.732) in the group above seven years of age 
while it is only 0.389 in the lower age group .. Another 
possible factor of this positive effect may be the better 
defined shape of radius in older children. 
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Among. _ lo~al children weight does not change the cuvilinear 
relationship of the BMC with the bone width and age. On the 
other hand, weight is the most important determining factor 
of BMC since it can replace the effects of sex. Therefore, 
the local girls can compete with the boys in acquiring bone 
mass just by gaining more weight and fitness. Independent 
effects of weight on BMC may be due to greater strain on the 
skeleton stimulating more b,one formation. Weight appears to 
be contributing to the maximum average BMC in boys from 15 
to 1,6 years of age and from 13 to 14 years in girls, because 
in girls there is a ' significant increase in weight from 12 
to 13 years (T=2.61, · P<O.02). 
Difference in BMC due tO I sex is evident at the age of 7 
years but is correctable by weight. So the apparent sex 
difference may be due to different body size. Development 
of more bone mass in boys than girls can be attributed to 
greater bone width in the boys above the age of seven. In 
comparing the bone width of girls with that of the boys 
there was no significant difference below seven years of age 
(DF=49, T=1.09i P>O.2) but the analysis revealed a greater 
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bone width among boys (T~3.37, SE=O.29, P<O.Ol). We could 
not f ·indthe effects · of height and weight c0ntributing to 
more b6ne mass in bones i~local population. 
-.' 
upto 7 years of age correlation of ·BMC · with ·height is ·0.476 
an d a tab 0 v e 7 yea r s 0 fag e i t i sO. 8·2 . But its 
contribution to predicting BMC is not significant when 
.-
combined with other variables in the analysis. However it 
seems to contribute to achieving the maximum average BMC 
throughout the age range. There ·is a significant increase 
ln height among girls from 12 to 13 years (T=2.17, P<0.05). 
Nutritional status, Calcium Intake 
The effects of calcium intake and possibly '- better nutrition 
on BMC have been established among the local population. 
vitamin D level in infants and calcium intake among pre-
school children have been found to be within normal r~nge. 
(47,48) Better bone mass among the local children than their 




BMC in·~ath610gical Conditions 
Along with normal children ' we measured so many other 
children suffering from major skeletal abnormalities, like 
scoliosis, leg length discrepancies and cong~nital 
abnormalities~ Initial children with fractures were 
included in, the regression analysis. variable fracture did 
not show any relationship with BMC. But against the 
fractured children there was no controlled group to confirm 
the results directly so this group was dropped from the 
,1 
regr~ssion analysis. Children ~ with scoliosis appeared to 
have lesser BMC than their normal counterpart. However, it 
was not corrected for sex and body size. Those children 
with congenital abnormalities in one hand had developed 
greater BMC in the second hand when compared to the normal 
children of their age. Children who were measured after the 
removal of casts had less BMC not only in the immobilized 
limb but they appeared to have less BMC than normal children 
of their age. Among older children weight los'sand 
immobility had much sensitive effects. A girl lost only 2 
kg. of her weight but her BMC had lost by half after she was 
operated for pelvic osteotomy. A difference in BMC was 
noted in a child before and after leg lengthening procedure. 
He maintained his weight but the BMC was greatly reduced. 
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The most interesting phenomenon was noted among the children 
around the age of 3 years who developed more BMC in the 
non-dominant arm than the dominant one. In the same way, 
those adolescents whose job required fine movements of hands 
-had less BMC in the dominant arm. A child at about 13 
years, diagnosed a~ Down's syndrome, had the amount 6f BMC 
which a child at about 8 years should have. 
Comparison with other series 
There has been no uniform ·method for evaluating BMC so the 
results cannot be directly compared. 
comparison is given here: 
Only a rough 
Among American children BMC is different in girls and boys 
more when correction was made for height and weighto The' 
same is true for the study on the children in Sw~den. 
British and Gambian children (0 to 3 years) have also shown 
the same pattern. 
American black children have greater BMC than American white 
children (~-6 years). British children have greater BMC 
than Gambian children (0-3 years). Hong Kong Chinese 
children have greater BMC than the children of the same race 
in China. (at five years). Jap~nese populationhai. less BMC 
than Americans but the American whites have greater BMC than 
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British whites. The difference in mineral contents has been 
found not only in various nationalities but also in the same 
race living in different environments. 
Among Finland population the difference in BMC in the domi-
nant and the non-dominant arms have been demonstrated (11 -
87 years of age). According to our knowledge our analysis 
is the first one to reveal differences in dominant and non-
dominant arms from seven years of age onward. The same 
study reported that BMC reaches its maximum value between 
the 3rd and 4th decade. In American white children cO,rrela-
tion of BMC with age is 0.823 whereas in local population it 
is ,0.500, while with that of weight it is 0.840 and 0.499 
respectively. Bone width also correlates less (R=0.389) than 
it doe,~ among the Americans ' (R=0.434). Among Swedish popu-
lation correlation of weight and age with BMC remains higher 
than the locals. But they reported the sex difference on 
BMC at the same age as we found. In other communities age 
,-
factor is well correctable with body size while in our 
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1.387 +- 0.050 1.054 +- 0.161 0:759 +~ 0.104 ::: -18 -·_· < 18A . 1 11.276· 
Minimum 8MC. meaSU'ed III a premalU'e baby W8$ 0.033 gm/cm. Whereas in a slUdy 'or Caucas.an 
premallle Infants. tIle value was 0.056 gmlcm. 
10.626 
/0.896 
12' d'liIcten were melUUed lor thet 8MC on boUt forearms. Inleres1U\gly. up 10 5 ye ... 01 age chilcten 
have Slighuy more 8MC in Iller ~minanl8(ms. wnerees older chilcten shown to have jusc the reverse. 
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-- -
0.654 +- 0.073 
10.65 
0.702 ' - - -
TABLE II 
.' .... . 
TABLE 11 
AGE 





' . " 
1 
- <2 5 
. -. ' . '.: ~. ' , . 2 - <3 11 
3 .. <4 11 





7- <8 19 
8 - <9 19 
, : 
. . ~
9 ,-< 10 29 
10' .. < 11 27 
11 - <12 29 
.. --,-12-- < --13 - ___ t8 __  
13 
-
< 14 38 
14 - < 15 53 
.. 
15 -< 16 35 
16 - < 17 20 
17 - <18 7 
18 - < 18.6 3 
~ ~ . . ' ", 
' -"~ " . 
. ~; .. ' 





BMC(gm/cm) Yearty lnaease :::::::: (YEARS) 
0.115 +- .032 
i!f:f!f! 
0.8 - < 1 
0.193 +- .014 0.078 1 .. <2 
0.225 +- 0.050 0.032 ........ 2 ..< 3 
0.291 +- 0.080 0.066 
11111:1: 
3 -<4 
0.287 +- 0.068 0.004 4 - <5 
0.316 +- 0.057 0.029 
:::::::: 
5 ,- 6 :=:=:=:: < 
........ 
0.369 +- 0.057 0.055 :~:~:~:: 6 .. < 7 
0.417 +- 0.046 0.048 
:.:.:.:. 
7 - < 8 .:.:.:.: :.:.:.:. 
0.465 + .. 0.47 0.048 ?f 8 .. < 9 
0.504 +- 0.068 0.039 :::::::. 9 .. <10 :::::::: 
0.502+- 0.076 
:::::::: 
- < 11 -0.002 :::::::: 10 
, 0.553+- 0.078 
:::::::: 
0.061 !~ll!il 11 - <,12 0.625 ', +-__ 0.093 _ -- 0.062 12 -<13 
0.660 +- 0.101 0.035 :::::::: 13 - <14 :::::::: 
0.714 +- 0.144 0.054 :::::::. :.:.:.: 14 -<15 
0.846 + .. 0.128 0.132 
:::::::' 
15 <16 :::::=:: 
-
.:.:.:.: 
0.85 t + 0.083 0.005 :::::::= 16 - < '17 
:=;=:::. 
0.880 +- 0.193 0.029 It 17 -<18 
1.054 +- 0.161 0.174 :::::::. 18 - < 18.4 .:.:.;.: 
Minus 0.090 -- Decrease in BMD by 0.004 
Minus 0.045 - BMD increase by 0.001 




2 0.117 +- 0.008 
7 0.188 +- 0.056 
8. 0.202 + .. 0.051 
10 0.246 +- 0.43 ' 
9 0.280 +- 0.035 
18 0.322 +- 0.043 
19 0.357 +- 0.058 
18 0.368 +- 0.53 
6 0~382 +- 0.25 
15 0.427 +- 0.063 
7 0.493 +- 0.077 
12 0.572 +- 0.095 
11 0.527+- 0.110 
36 0.657 +- 0.079 
51 0.697 +- 0.079 
30 · 0.744 +- 0.075 
10 0.716 +;. 0.085 
1 0.626 
1 0.896 
























Mean BMC in Children ' from 3-18 Years 
AGE NO.OF CHILDREN MEAN BMC. 
YEARS FEMALE l1ALE FEMALE MALE 
3-4 4 6 0.252±0.014 O.276±0 ~ 033 
4-5 2 5 0.287±0.053 0.310±0.044 
5-6 10 14 0.339±0.038 0.310±0.054 
6-7 9 8 0.351±0.073 0.376±0.036 
7-8 10 11 0·349±0.054 0.431±0.047 
8-9 4 8 0.372±0.027 0.404±0.053 
9-10 10 9 0.442±0.066 0.490±0.060 
10-11 6 13 0.486±0.082 0.507±0.084 
11-12 6 13 0~543±0.064 0.571±0.104 
12-13 10 15 0.525±0.116 0.623±0.094 
13-14 36 34 0.657±0.079 0.656±0.102 
14-15 51 50 0.697±0.079 0.714±0.146 
15-16 30 33 0.743±0.075 0.854±0.126 
16-17 10 16 0.715±0.057 0.839±0.061 
) 
17-18 1 ( 7 0.626 0.879±0.192 
Mean BMC for the age groups 3 to 18 years (children 
with fractures were excluded). BMC steadily increases 
with age and statistically the difference in BMC among 
girls and boys was evident at the age of seven years. 
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TABLE IV 
Regression Analysis · 
, , 
Age 3-7 Y.<?ars 
BMC 
Reg.Coef. std·. Error t DF P 
Age 0.01766 0.005618 3.144 57 0.0027 
BW 2.3544 0.4889 4.816 57 0.0001 
BW2 
-1.2128 0.2745 -4.418 57 0.0001 
Intercept -0.8687 0.2054 -4.229 57 0.0001 
Age 7-18 Years 
BMC 
Reg.Coef. Std. Error t DF P 
BW2 0.2068 0.0148 13.959 382 0.0001 
Age 2 0.0007824 0.0007898 9.906 382 0.0001 
~\Tt 0.003969 0.0004497 8.827 382 0.0001 
Intercept 0.09266 0.01319 7.026 382 0.0001 
Age 7-18 Years (Sex & Dominance) 
BMC 
Reg.Coef. Std. Error t DF -p 
Age 2 0.002160 0.00008492 25.440 382 0.0001 
Sex Age 2 -0.0002384 0.00005214 -4.573 382 0.0001 
Dom.Age 2 0.0001849 0.00006724 2.749 382 0.0063 
Intercept · 0.2706 0.01632 16.579 382 0.00Q1 
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CONCLUSION · 
Bone Mineral Content in children and adolescents from 3 to 
18 years : was measured~Analysis shows that BMC lncreases 
with age and weight, and ~oys develop more bone mass than 
girls after the age of seven years. Accumulation of larger 
BMC by the dominant arm than the non~dominant arm in school 
children suggests that physical activities from younger age 
can increase the amount of peak bone mass, and greater peak 
bo ne m ass pro v i des a bet t er pro p h Y 1 a xis a g a ins t 
osteoporosis. 
There was an abrupt and significant lncrease ln BMC among 
girls from l3 to 14 years, and among boys from 15 to 16 
years. We could not establish the peak" bone mass in this 
study since the maximum age of our subjects was 18 years, 
but from another study in the same department BMC seemed to 
have reached its maximum value between 35 to 40 years 
age. (60) This study would serve as a basic reference data on 
BMC for Chinese children in Hong Kong. 
IIKeep bri,dle of your horse in hand but walk as long as you can.1! (An Arabian saying) 
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Appendix I 
Data for Variables 
SEX AGE wr HT EM:D am BMD ~ IMND BD.ND DXA.D DXA.ND FRA 
~ -- - - - - .. -
1 189.6 42.6 150.5 0.756 1.083 O. 698 : .,. " 
0 196.0 74.7 172.1 0.871 1.184 0.736 
1 186.5 51.4 158.3 - - 0.697 1.066 0.654 . . - ....-' 
1 181 .. 7 38.9 146.5 0.590 1.016 0.581 
~ 208.8 41.4 158.0 0.626 0.963 0.650 
1 188.2 47.9 157.4 0.601 1.069 0.562 
1 188.6 56.2 162.8 0.844 1.142 0.739 
0 194.4 46.3 162.8 0.744 1.097 0.678 
0 190.1 52.3 172.0 0.701 1.1~6 0.628 
1 188.0 47.0 157.0 0.719 0.965 0.745 
SINGLE PHOTON ABSORPTIOMETRY 
DUAL ENERGY X-RAY ABSORPTIOMETRY 
continue 
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Appendix I Data for Variables 
SEX SE AGE WT HT 
o 183.9 56.3 164.7 
1 169.9 56.1 149.6 
o 163.4 43.7 160.3 
o 168.5 26.8 138.1 





















164.7 46.6 158.5 
164.8 42.9 157.6 
173.7 53.1 171.7 
173.2 34.2 144.7 
175.8 42.5 163.0 
174.0 42~7 157.8 
167.6 31.7 150.4 
170.5 43.4 147 .. 4 
175.7 51.3 168.8 
178.7 54.0 161.5 
173.8 37.2 147.8 
169.3 56.6 155.0 
167.3 38.2 158~1 
171.1 30.9 153.3 
163.2 34.6 150.0 
179.2 53.4 161.6 
182.9 41.0 157.1 
165.4 50.7 158.1 
163. ,4 42.7 154.6 
190.6 69.4 174.3 
BMCD 
o 173.2 80.1 172.7 ( - -
1 169.3 46.7 155.9 
... ,,·0 ' - - 194.·9 , .. 5·2.4 ,180· ... ·3 .. · .. --. . -- --
o 191.8 65.3 167.8 
1 190.9 53.3 160.0 
o 195.9 59.2 169.2 
1 194.3 59.0 160.3- -' 
o 214.9 69.5 179~2 























189.2 51.1 166.4 
206.7 51.3 161.1 
193.3 38.8 164.9 
215.6 46.2 161.7 
199.4 53.2 168.8 
204.3 59.6 169.3 
214.8 50.1 164.4 
202.6 46.1 152.8 
188.8 46.5 161.9 
195.4 70.5 147.0 
187.7 50.6 168.6 
200.7 '49.0 170.9 
, 209.9 52.0 170.0 
195.6 65.5178.5 
200.0 42.5 156.2 
188.7 53.7 170.8 
195.6 81:5 176.1 
198.8 50.8 172~5 
193.~ 52.4 161.2 
188.3 39 . 5 153~2 " 
, . .. -. . 
206.2 46.5169.3 --
190.5 55 '.8 156.1 
J •• 
BWD BD D 
- - ., -
.- '-
'. - . -
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BMCND BWND BD ND DXA .D DXA.-N) FFA 
o . 934 1. 19. 2 o. I? ~ , ~: '" ' ___ '" .,' 
'0 ~ 708 1. 108 O. 639 
0.673 1.041 0.646 
0.371 0.764 0.486 
0'.573 1 ~ 007 '0.569 
0.685 0.974 0.703 
0.661 1.100 0.601 
0.879 1.260 0.698 
0.665 1.058 ' 0.629 
0.584 0.879 0.664 
0.653 1.114 0.586 
0.530 0.953 0.556 
0.632 0.996 0 .• 635 
0.767 1.276 0.601 
0.832 1.234 0.674 
0.603 1.024 0.589 
, 0.767 1.058 0.725 
0~589 0.996 0.591 
0.511 0.884 0.578 
0.532 0.918 0.580 
0.795 1.052 0.756 
0.780 1.125 0.693 
0.841 1.108 0.759 
0.564 1.327 0.425 
0.940 1.436 0.661 
0.786 1.159 0.678 
0.783 1.091 0.718 
O. 851 ' l -~ 142 '0. 745 
0.885 1.116 0.793 
0.763 1.032 0.739 
0.842 1.426 0.590 
, O~7651.175 0.651 
1.285 1.478 0.869 
0.868 1.350 0.643 
0.871 1.282 0.679 
0.744 1.159 0.642 
0.699 1.103 0.634 
0.778 1.192 ' 0.653 
0.829 1.293 0.641 
0.896 1.226 0.731 
0.920 1.226 0.750 
0.623 1.016 0.613 
. 0.820 1.058 0.775 
0.673 0.974 0.691 
o . 893 l. 2 7 1 O. 703, --
0.767 ·1.080 0.710 '" 
0.7991.268 0.630 
- -" .. :::. .;,.' - ' 
0.8931.3850.645 " - '., 
0.66~ 1.024 0.653 
0.698 ~ 1.301 0.537 
0.842 1.179 0.714 
0.913 1.411 0.647 
0.769 1.091 0.705 
o • 677 1 ~ 052, O. 6 4 ~ .:"- , ~ 
0.734 1.200 0.612 
0.850 1.116 0.762 
. .... ... :~ . ", ' .; 
I 
o 5 130.0 30.1 0.451 1.0410~433 
o 5 59. 0 18. 3 .108. 0 o. 372 o. 806 0:: 4'62 . 
' 0 5 
o 5 
' 1 ' S 
.. '
141.0 53.9 144.0 0.573 1.041 0.550 
62.0 18.0 108~0 0.271 . 0~789 0.343 
117 • 0 21.0 ' 12 5 ~ · O 0 . . 384 O. 705 . ;O~~ .545 0.383 O. 734 0.522. 
47.0 . - - 0 ~ 321 0.783 0.410 
91.0 25.5 127.0 0.406 0.806. 0.504 
84.0 29.5 129.5 0.429 0.957 0.448 
69.0 0.411 0.886 0.392 










59.0 16.0 100.0 0.267 0.667 0.400 0.332 
1 -
o 5 
49.0 14.8 0.157 0.491 0.320 
116.0 26.5 128.5 0.511 0.907 0.563 
119.0 23.5 131.5 0.406 0.819 0.496 
145.0 35.5 145.0 0.538 0.974 0.552 
66~0 16.0 105.5 0.358 0.890 0.402 




· 0 S 
o 5 
1 S 
73.0 17.7 0.375 0.822 0.456 0.369 0.845 0.437 
138.0 48~3 148.0 0.590 0.999 0.591 0.592 0.999 0.593 
80.0 38.0 129.5 0.532 0.957 0.556 
26.0 0.179 0.625 0.286 
o S 44.0 81.0 0.438 0.895 0.489 
o W 86.0 24.5 123.0 0.366 0.894 0.409 
6 - 156.0 61.3 178.0 0.648 1;069 0.603 
o S 36.0 12.5 92.5 0.292 0.827 0.353 
OS ' 3i.0 12.0 84.0 0.2291.754 0.131 
1 S 27.0 12.5 0.253 0.765 0.335 
-.- ---'----.- -6 -s-· . : "1'6 ~'0'- '29 :0 -121. O' O~398 0: 832 0-;'478 
4 .. , 
1 W 34.0 14.2 93.5 0.290 0.776 0.374 
o S 75.0 18.7 118.5 0.339 0.877 0.387 
1 S 27.0 9.0 0.117 0.610 0.192 
'0 's 35.016.9 ' 97.0 0.128 0.632' O~203 
1 S 40.0 15 . . 6 94.0 0.232 0.687 0.338 
o S 23.0 12.0 84.0 0.180 0.673 0.267 
o S 101.0 25.0 128.0 0.394 0.800 0.493 0.404 0.834 0.484 
o S 83.0 20.1 120:1 0.382 0.767 0.498 0.357 0.734 0.486 
1 S 84.0 22.0 119.4 0.371 0.778 0.477 
o S120.0 29.0 132.5 0.504 0.957 0.527 0.453 0.934 0.485 
o S 18.0 - - 0.207 1.540 0.134 
o S 120.0 27.5 135.0 0.482 0.951 0.507 0.454 0.968 0.469 
o S 31.0 13.2 0.237 0.811 0.292 
o S 127.0 22.0 126.5 0.383 0.862 0.444 0.390 0.901 0.433 
1 S . 104.0 26.5 127.0 0.405 0.776 0.522 
o S 90.0 33.8 133.0 0.452 0.917 0.493 0.451 0.952 0.474 








. 0 S 
c ' 0 S 
o ~ 41 T O. 839· -· ;~t}~ 497 
" -~ 
. - - ' -.",' - - 0.327 0~726:· 0:450 
139.0 34.2 13.9.0 - -, . . ... - - 0.516 0.953 0.541 
141.0 30.0 135.5 0.519 1.058 0~491 - - \ - -
99.0 25.5 127.5 0.379 0.957 0.396 
60.0 16.0 0.312 0.735 0.424 0.311 0.728 0.427 
90.0 0.371 0.729 0.509 
144.0 59.0 169.0 0.773 1.2600.613 0.670 1.2600.532 
23.0 11.S 0.201 0.934 0.215 
· 0 S ~ . ::; . • ; ~ . ' /~J')~ " ~.~ ; --......... 0 s 
121.0 27.0 129.0 0.502 0.973 0.533 


























































SEX SE AGE WT HT BMCD BWD BD D BMCND BWND BD NO ~D ~ND ~ 
1 W 78.0 20.8 116.0 0.355 0.789 0.450 N 





42.0 11. o. 
0.4 3.8 
0.260 0.33~~0~772 
0.244 0.649 0.376 
74.0 20.0 116.0 0.353 0.747 0.473 
87.0 26.2 0.448 0.980 ,0~457 
1 S 48.0 13.3 0.214 0.71r~~:O.301 - - -
I S 54.0 14.2 100.5 0.276 0.865 0.319 
o 5 125.0 0.630 1.196 0.527 
1 S 102 • 0 22. 0 124. 0 O. 359 o. 850 .. 0 . 422. . 
1 5 64.0 22.0 115.5 0.336 0.711 '0.473 
1 S 70 • 0 20. 0 110. 0 o. 31 7 0 .'748 . 0 • 424 
OS . 69.0 14.5 101.5 0.274 0.762 0.360 
o S 128~0 25.5 133.5 0.436 0.816 0.534 
o W 126.0 36.0 130.0 0.518 0.993 0.522 
o W 138.0 35.0 149.0 0.477 0.907 0.526 
o W 67.0 18.0 113.5 0.239 0.780 0.306 
o W 129.0 0.568 1.06a 0.534 
o W 128.0 34.1 133.0 0.465 0.932 0~499 
o W 79.0 27.8 119.2 0.355 0.912 0.389 
o W 63.0 17.2 106.1 0.260 0.728 0.357 
1 5 57.0 15.6 105.5 0.325 0.781 0.416 
o S 56.0 16.2103.2 0.338 0.756 0.447 
o S 90.5 28.2 125.6 0.424 0.932 0.455 
' OW 114.0 30.7 139.5 0.4340.957 0~454 
o S 54 . 0 16. 4 107. 0 O. 354 2. 045 0'.1 7 3 
1 W 47.014.5 104.5 0.264 0.789 0.335 
o W 54.0 18.1 111.0 0.2710.781 0.347 
o W 71.0 19.9116.0 0.283 0.828 0.342 
1 W 83.0 19.4 114.0 0.351 0.8470.414 
o 'w 74.0 18.5 118.0 0.339 0.772 0.409 
o W 68.0 19.8 117.0 0.368 0.957 0.385 
1· -s -- ' 124.0 - 46.0--134-.-0 ··0.529 --0.-912 0 -.580 
1 S 66.0 18.5 114.0 0.265 0.562 0.472 
1 S 65.0 20.0 109.0 0.341 0.807 0.423 














26.0 121.5 0.284 0.7200.394 
21.5 10.7 81.0 0.1770~729 0.243 
72.5 18.5 114.0 0.256 0.612 0.418 
39.0 15.9 94.5 0.241 1.253 0.192 
113.0 26.5 126.0 0.411 0.850 0.484 
84.0 17.8 114.0 0.275 0.696 0.395 
54.0 14.9 111.0 0.299 0.729 0.410 
65.0 12.0 94.0 0.249 0.764 0.326 
67.0 16.6 0.239 0.663 0.409 
82.0 21.5 119.0 0.361 0.898 0.402 
62.0 16.0 
72.0 14.0 
0.259 0.644 0.402 
0.267 0.694 0.385 
82.0 19.2 115.0 0.347 0.823 0~422 
1 W 36.0 1.0.1 86.0 0.1470.'780 0.188 
o W 72.0' 20.9 117.0 0.297 0.965 0.308 
o W 128.0 33.0 131.0 0.493 ·l.0100.488 
1 W 44.0 16.6 98.5 0.281 0.763 0.368 
1 S 62.0 16.6 105.5 0.265 0.694 0.382 ---
o W 32.0 17.0 99.0 0.252 0.627 0.402 
1 W 6l.0 19.2 115.0 0.392 0.839 0.467 
o W 0.4 3.4 0.115 0.455 0~253 
1 W 92.0 19.5 118.0 0.305 0.797 0.383 
1 W 67.0 29.3 0.288 0.705 0 ~ 360 
































































- - F 





134.'0 31.0 138.0 0.329 0.948 - 0.347 
. -
. -
_ ., _ .: 4_ 






60.0 16.1 101.5 0.125 0.739~0 ;169 ' 
32.0 12.1 87.0 0.210 0.663 0.317 
44.0 16.4 119.0 0.277 0.806 : 0.344 
36.0 12.3 100.00.216 0 .616 ,:~9~ 351 
51.0 17.5 106.0 0.302 0.746 0.405 
- ' -, ,' - ' , -,' - - , ' - -- - ' .- - <, '.- ' -,:-- _- : N·'" '* -
o S 
1 W 61.0 19.2 115.0 0.392 0.~39 0.467 
1 S113.0 23.2 · 131.5 0.412 0.8500.485 
o S ' 122.0 45.0 140.0 0.454 0.929 0.489 
o 5 72.0 33.3 125.5 0.365 0.957 0.381 
o S 119.0 36.5 144.0 0.510 0.912 0.559 
, 0 S 102.0 27.5 130.0 0.388 0.850 0.440 
o 5 110.0 31~0 131.0 0.480 1.041 0.461 
o S 111.0 18.0 114.5 0.329 0.861 0.382 
1 S 122.5 22.4 136.5 0.360 0.677 0.532 
1 5 57.0 17.5 107.0 0.268 0.627 0.427 
1 5 144.0 35.2 150.0 0.540 0.970 0.554 
1 S 48.0 14.0 102.5 0.249 0.677 0.368 
o S 127.0 46.0 147.5 0.583 1.024 0.569 
o S 124.0 27.5 132.0 0.362 0.974 0.372 
1 5 113.0 32.2 131.5 0.412 0.850 0.485 
o W 30.0 12.0 92.0 0.165 0.606 0;272 



















o 5 124.0 33.8 136.5 0.431 1.008 0.428 F 
1 -5 __ 124.0 27.7 134.5 0.449 0.879 0.511 N 
o 5 ~24.0 33.0 135.0 0.431 1.008 0.428 N 
o - 21.0 117.0 0.384 0.974 0.387 - - N 
.-- 1·.--5 ------82 -.-0-- 24 .. 5 --126. 0 --0.; 415,-0-; 940--- 0 ;; 441 - , - - ----- - --'- -- --- - -- -- -' --- '-- ----.----.-. ·----F --- --------
o 5 132.0 31.5 137.5 0.652 1.058 0;616 
o 5 125.0 45.0 142.0 0.561 1.213 0.462 , 
1 5 129.0 36.0 148.0 0.531 0.974 0.54S 
o 5 
o 5 
128.0 33.5 136.0 0.476 0.850 ;0. -560-
107.0 30.1 136.0 0.451 1.041 0~433 
1 S 128.0 44.5 138.5 0.588 1.042 0.564 
1 5 84.0 24.5 128.0 0.396 0.923 0.429 
1 5 130.0 32.5 137.0 0.542 0.957 0.566 
o 5 62.0 18.0 103.0 0.352 0.814 0.432 
o W 138.0 49.7 147.0 0.619 0.979 0.632 
o 5 120.0 26.5 125.0 0.434 0.810 0.536 
o 5 40.0 16.0 96.5 0.220 0.728 0.302 
o 5 71.0 18.8 113.5 0.318 0.731 0.435 
o 5 44.0 14.5 81.0 0.438 0.895 0.489 




33.0 17.2 92.0 0.179 0.655 0.273 
56.0 1£~8 109.0 0.270 0.690 -0i 391 
62.0 ' 17.0 108~00~292 ' 0. '837 >0 ;.349 " 
1 5 143 .. 0 53.5 154.0 0.572 0~9200 ':' 577 - - -
o 5 141.0 31.5 130.0 0.506 0.940 0 : 518 
1 5 71.0 20.0 111.7 0.285 0.745 0.383 - \ 
o 5 138.0 41.0 145.0 0.600 0.923 0.650 
o 5 132.0 30.0- 0.644 1.091 0.590 
o S 107.0 28.0 -129.5 0.432 0.940 0.451 
1 5 58.0 17.0109.0 0.292 0.745 0.392 - -
o S 133.0 38 : S 151.00.614 1.074 0.572 
o - 147.0 48.0 147.0 0.528 0.923 '0.572 



















- - : - - ' N 
- - ' -. -






































163.6 48.6 153.2 
174.1 38.5 156.1 
164.9 52.2 155.8 
172.4 51.9 156.3 --
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1 S 72.0 18.8 0.413 0.867 0.476 0.382 0.814 0.464 









84.0 20.0 115.0 
122.024~6 128.0 0.452 0.885 0.511 
91.034~6 · 130:0 0.4670.884~b.528 0.460 0~948 0.485 0.474 
108.0 22.0 119.0 0.392 0.862 0.455 0.416 
86.0 20.0 131.0 0.431 0.884 0.488 
\ 
84.0 20.5 114.5 0.357 0.999 0.362 
78.0 19.4 113.0 0.381 0.843 0.452 0.380 0.801 0.474 
72.0 19.0 118.0 0.381 0.827 0.461 
72.0 0.373 0.919 0.406 0.389 0.918 0.424 
1 - 188.0 44.0 153.5 0.711 1.129 0.630 0.669 1.108 0.604 
o - 152.0 50.4 161.3 0.627 1.007 0.623 0.646 1.041 0.621 
o 5 118.0 31.0 139.5 0.581 1.125 0.516 0.540 0.936 0.577 
' . 0 5 110.0 24.0 128.5 0.405 0.890 0.455 
o ~ 75.0 17.0 105~5 0.387 0.884 0.458 
o 5 102.0 26 . . 5 125.5 0.351 0.856 0.410 







0 . . 164 1.271 ' 0.129 . 
70.0 0.117 0.7270~163 





















i 5 18.0 10.0 81.0 0.096 0.722 0.133 - ~ N 
o 5 91.0 25.0 123.5 0.360 0.932 0.386 0.357 F 
: 0 5 120.0 68.0 152.0 0.668 1.108 0.603 0.692 1.170 0.591 ' 0.567 - - N 
1 S 19.0 12.2 - 84.0 0.252 0.924 0.273 N 
1.s 90.'0 23.6 118.5 0.420 0.831 0.505 N 
o s 96.0 23.0 123.0 0.459 0.906 0.507 0.455 0.877 0.519 
o s 78.0 21.7 0.376 0.801 0.469 































72.0 19.7 118.00.500 0.852 0.586 0.432 
160.0 0.607 1.083 0.560 0.522 
2~3.0 60.0 163.0 0.878 1.242 0.707 0.904 1.243 0.727 
109.0 31.5 141.0 0~460 1.063 0.433 0.467 1.047 0.446 
86.0 23.0 124.0, 0.410 0.879 0.466 0.397 0.896 .0.443 
116.0 31.5 131~ ' 5 0.519 1.030 0.504 0.5261.058 0.497 
22.0 9.8 0.172 1.108 0.155 
119.0 32.0 0.484 0~894 0.541 
140.0 41.0 0.549 1.086 0.506 0.514 0.996 0.516 
62.0 19.3 113.1 0.352 0.828 0.425 0.343 0.868 0.395 










' 30.0 2.0 
7.0 
0.779 1.158 0.673 0.759 1.069 0.710 0.577 
, . 
0.765 1.176 0.650 0.760 1.133' 0.671 0.613 
0.479 0.923 0.519 0.467 0.934 0.500 
0.354 0.811 0.436 0.367 0.806 0.455 
0.245 0.761 0.322 
0.528 0.985 0~536 0.526 0.985 0.534 
0.571 1.125 0.508 0.548 1.033 0.530 
0.324 0.935 0.347 
0.142 0.562 0.2~3 
0.297 1.069 0.278 
0.157 0.673 0.233 
73.0 20.5 117.5 0.463 1.018 0.455 
217.0 1.154 1.368 0.844 1.139 1.444 0.789 
192.0 55.0' - - 0.852 1.499 0.568 0.778 1.404 0.554 0.540 
136.0 34.5 136.5 0.739 1.136 0.651 0.653 1.007 0.648 0.624 
o - 200.0 1.078 1.276 0.845 0.964 1.184 0.814 0.833 
. ---- -- --1- 5 -- 83-.-0 ··-22--.--1 ---12-3.-0-0-;,,·36-1- 0 -.951-'- 0.- 380 0.367 1.002--· 0 .- 366 - -- --~·- ­
o 5 73.0 20.5 117.5 0.453 1.018 0.455 
1 5 99.0 19.2 115.8 0.383 0.766 0.500 0.342 0.728 0.470 
o 5 66.0 18.7 111.0 0.400 0.856 0.467 0.393 0.934 0.421 
1 ' 5 . 77.0 18~0 112.3 0.251 0.63a 0.393 0.254 0.666 - 0~381 · 
1 5 50.0 14.2 0.274 0.638 0.429 0.280 0.643 0.435 
1 - 147.0 24.5 134.5 0.406 0.800 0.508 0.411 0.806 0.510 0.443 
o - 159.0 39.0 155.5 0.563 1.175 0.479 0.575 1.142 0.504 0.448 
o - 154.0 40.0 0.748 1.187 0.630 
o 5 62.0 
o 5 1.0 
o S 8.0 
o 5 33.0 15.0 
o 5 121.0 27.5 







0.297 0.710 0.381 0.273 0.716 0.418 
0.136 0.863 0.158 
I 
0.105 0.554 0.190 
0.267 0.795 0.336 
0.523 '0.974 0.537 
0.306 0.8170.375 0.229 0.806 0.371 
0.602 1.041 0.578 
0.081 0.547 0.148 
0.622 0.991 0.628 0.528 0.906 0.583 




120.0 21.0 · 0.413 0.7300.566 0.410 0.707 Or580 -
I 
65.0 18.3 106.5 0.285 0.722 0.382 
10.7 9.0 0.111 ' 0.524 0.212 - " -
17.3 10.2 0.210 0.848 0.248 --
o 5 5.0 7.6 
1 S 9.5 8.2 
1 S 13.0 8.8 
1 S 79.0 20.0 
1 S . 42.0 18.0 
o s 124~0 47.0 
Is _42.0 15.4 
-.:: ::"-. ·-:·':~:·~·;·~, :;f~~!~4~~!;~:,:~}·:·~~ -~t'::;:~·~ :.' 
. :'f';~~~; '. ;",.,,,, . '.','.~' 
- - -......... -~ .. --------.. 
0.123 0.641 0~192 
0.123 0.558 0.220- -
0.263 0.823 0.320 
0.320 0.646 0.495 0.313 0.667 0.469 
0.262 0.680 0.385 
0.539 1.058 0.509 0.502 1.008 0.498 
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